Using physical activation, modified apple wastes with Al 13 polycation were utilized such a feedstock's for activated carbon production .thence, The characteristics of synthesized materials were: N 2 adsorption/desorption , Scanning electron microscopy, and Fourier-transform infrared analyses. AS a beginning, one studied the effect of Al 13 grafting on textural and chemical surface characteristics of activate,d carbons-Al 13 generated . The increasing Al 13 content has major inffluences on the porous structure of the prepared activated carbon; it causes more structurale and intensifies the surface zone and the pore volume (484 m 2 /g, micropore area of 400 m 2 /g and microporous volume of 0.185 cm 3 /g is the best surface area).ALSO The methyl orange adsorption performance of the received adsorbent was investigated to identify the role of Al 13 , especially its particular structure and high positive charge (+7). Adsorption performance of the grafted activated carbon was significantly enhanced. Raising charges at carbons materials surface by Al 13 grafting improved the methyl orange adsorption kinetics. The adsorption data was relevant to Langmuir, Freundlich and Temkin models. The results indicated that the adsorption data belonging better to the Langmuir isotherm model. The prepared activated carbon-Al 13 founded to be an efficient material for anionic dye removed from wastewater.
industrial and local wastes which are abundant and cheap. Many agricultural wastes have been explored as decreased-cost adsorbent. Some of them comprise: cherry stones 1 , olive stones [2] [3] [4] [5] , oil palm stones 6, 7 , apricot stones 8, 9 , sugar cane bagasse 10, 11 , nutshells 12 , pecan shells [13] [14] , date stones 15, 16 , and peels of many fruits like orange 17 , banana 18, 19 , pomegranate peel 20 , yellow passion fruit and mandarin 21 , beet pulp 22 , grape seed 23 , and apple 24 . Apples constitute one of the most plentiful fruits, with a world production of 68.3 million metric tons for 2005. Although, about 12% of the production is destined to the manufacturing of apples juice and cider. In the other hand, the solid residue from pressing apples (apple pulp) represents more than 12 wt% of the fruit. Hence , large quantities of about 0.84 Mt of apple pulp are produced every year all over the world 25 . This by-product has many applications like: antioxidants production [26] [27] [28] , hydrogen production 29 , extraction of lactic acid 30 and pectin 31 , animal feed 32 , and activated carbons 24 .whereas, many studies have been done by Suarez-Garcia et al. for the feasibility of production of activated carbon from apple peel by using the chemical activation with phosphoric acid 24, 33, 34 . Nevertheless, the preparation of activated carbon from apple wastes by physical activation has never been studied previously and especially a preparation of grafted apple wastes activated carbon using Al 13 polycation in order to improve the surface and structural properties of the original materials. Al 13 was widely used because of its specific structure, high molecular weight, and high positive charge. The objective of this study is to prepare a modified activated carbon with Al 13 polycation from apple wastes by using the physical activation process under steam in a fixed-bed reactor. A particular attention has been paid to the effects of grafting Al 13 on porosity development and on the increase of activated carbon adsorption performance.well, To investigate the effects of Al 13 on the adsorption performance of the prepared activated carbons, the removal methyl orange (with negative charges) from aqueous solution on the modified decreased-cost adsorbents (with more positive charges after Al 13 grafting) were learned.in addition the equilibrium of the adsorption was depicted by Temkin,Langmui,Freundlish models.
ExPERIMENTAL

The raw apple wastes(AW)
The wastes of various sorts of Apple were provided from Algerian juice manufactories .for one week ,the primary matter had firstly to be air-dried at room temperature. then dried at 110 °C for about 48 h.Analysis of apple wastes indicated that : pH (4.18), apparent density (0.60 g/cm 3 ), moisture (5.6 %), ash (3.8%) and volatile matter (79%), were implemented.
However inorganic elements was defined by Suarez-Garcia et al. (3.3% in dry weight) 35 . SuarezGarcia also studied the elemental and the biopolymer 
Preparation of Al 13
Al 13 is produced by the hydrolysis of aluminum chloride. This stage is a slow process of hydrolysis with a ranging ratio of OH/Al between 2.2 to 2.8 giving almost a pure solution of the polycation Al 13 [36] [37] .
The solution of Al 13 was synthesized in laboratory. The experimental procedure was described in our previous works [38] [39] by respecting the molar report OH/Al = 2.2. while putting in a beaker in thermostatic bath for 20 minutes at 70 °C, 100 ml of aluminum chloride solution (AlCl 3 . 6H 2 O) 0.25 M, and by slowly adding of 240 ml of soda solution (NaOH) 0,25 M, with a vigorous agitating and respecting the NaOH flow (2 ml/min), in order to avoid the sursaturation of the hydroxyls ions. Then let cool until 20 °C, with a pH between 5 and 6. Add 280 ml ammonium oxalate 0.1 M, and let precipitate 24 hours. Filter and wash with deionized water. Dry with the free air. Using this standard method, the resulting solution will contain 90-95 % of the polycation Al 13 . In fact, many studies using the nuclear magnetic resonance spectroscopy (NMR), provided the proof of its existence and allowed the aluminum speciation [40] [41] [42] [43] [44] [45] [46] .
Preparation of adsorbents
Apple wastes were mixed with Al 13 polycation solutions prepared at different concentrations (40, 60 and 80 wt.%) in a ratio of 1g of precursor per 4 ml of solution. The impregnated samples were first stirred for 24 h to introduce the polycation in the materials. Then, we used the distilled water to wash the impregnated material several times to dismiss excess electrolytes and dried at 80 °C. Activated carbons were prepared from modified apple wastes-Al 13 by pyrolysis under nitrogen flow and activation under water vapour. Pyrolysis of the grafted material was carried out Passing to the pyrolysis step, about 10 g of dried apple wastes-Al 13 (40, 60 and 80 wt. %) were placed in the middle of the reactor .we used different pyrolysis temperatures of 400,500,600, 700 and 800 °C. Nitrogen flow rate was of 100 cm 3 min -1 and heating rate was of 10 °C min -1 for all the samples. Once the pyrolysis temperature was reached, sample was maintained at this one for 1 h. The resulting works were then physically activated at 800 °C for 4 h under 10 °C minutes -1 degree of temperature 100 cm 3 / minutes nitrogen circulation degree saturated in steam after passing through the water saturator heated at 80 °C. So, the water partial pressure was of 474 hPa. After activation, the model was cooled to ambient temperature under N 2 flow rate. The received activated carbons are indicated AAW-Al 13 40 %, AAW-Al 13 60 %, AAW-Al 13 80 %.
Characterization W e h a d e x a m i n e d t h e r a w a n d activated carbon produced from apple wastes Al 13 applying nitrogen adsorption-desorption at -196 °C, Scanning electron microscopy (SEM) and FTIR spectroscopy. The indicators used for determining the maximum activated carbon were the surface area and the porous volume. These values were denoted by adsorption of nitrogen at -196 °C by means of a commercial manometric sorptometer (micrometrics ASAP 2020 Surface Area and Porosity Analyzer). Before the adsorption, the model were out-gassed under vacuum at 200 °C for 3 h. we analyzed adsorption isotherms by using the Brunauer-Emmett-Teller equation (BET) to compute the specific surface area (S BET ). The volume of micropore (V DR-µ ) was recognized from the Dubinin-Radushkevich equation (DR) 28 . The pore size distribution: BJH adsorption mean pore diameter (Apd BJH ), and BJH Adsorption accumulated surface area of pores (S BJH-cp ) between 1.7 and 300 nm using the Barrett-Joyner-Halenda (BJH) model we can determine the diameter using the t-method we can calculated the external surface area (S t ext),micropore area (S t-u) and the micropore volume(V t-u) .The cross-sectional area of nitrogen molecule was taken equal to 0.162 nm 2 and the nitrogen adsorbed was regarded as a liquid which has a density of 0.8081 g/cm 3 at -196 °C.
The morphology of the materials was examined using scanning electron microscopy (VEGA3 TESCAN). Chemical propereties was implemented by FTIR spectroscopy to determine the functional groups at the surface of raw, pyrolysed and activated carbons generated from apple wastes-Al 13 . Using the KBr wafer technique the infrared transmission spectra were recorded with a Brucker Equinox 55 spectrometer, from 400 to 4000 cm -1 . Five hundred scans were taken with a 4 cm -1 resolution. Wafers were prepared from the mixture of 0,5 mg of the sample and 200 mg of KBr. This mixture was condensed in a manual hydraulic press at 59 MPa.
Adsorption studies
Regardless of the Adsorption of methyl orange is considered as the most important important means of assessing removal capacity from the aqueous phase. The efficiency of the dismissal of dye: respectively methyl orange (MO) from aqueous solutions by AAW-Al 13 80 % (prepared under the conditions of pyrolysis and activation temperatures of 800 °C during 1 h and 4h for pyrolysis and activation , Nitrogen flow rate of 100 cm 3 min -1 , heating rate of 10 °C min -1 and 80 wt.% Al 13 content) was experimentally studied by the way of recording the equilibrium experiments and adsorption isotherms.
Equilibrium studies
In the equilibrium stdy, about 0.1 g of AAWAl 13 80 % activated carbon was directly mixed with 1000 ml of methyl orange (MO) solution and agitated in a mechanical shaker at 200 rpm. In the favour of the determination of equilibrium time, the aqueous samples were taken at reset time intervals, and the concentration C e (mg/l) of dye leftover in the aqueous phase were measured applying a double beam UV-VIS spectrophotometer (1605 SHIMADZU) at l max 466 nm.
Adsorption isotherm
Measuredly, Batch adsorption experiments were impemented in 500 ml glass-stoppered flask at a stable temperature (25 °C). About 0.1 g of AAW-Al 13 80 % was throughly mixed with 100 ml of methyl orange (MO) solution. The isotherms studies were performed by differing the initial (MO) concentrations from 1.2 to 300 mg/L. The melanges were continuously stirred (200 rpm), for 45 minutes. We have determine previously this equilibrium time from equilibrium experiments.
After such agitation, models of 5 ml were subjected to for analysis using UV-Visible spectrophotometer (1605 SHIMADZU) at l max 466 nm to determine the residual concentration of dye in the aqueous phase. Using equation (1); the adsorption capacity at time t, q t (mg/g), was calculated .
... Where C 0 and C e (mg/L) are the liquidphase concentrations of dye at initial and any time t, respectively. V is the volume of the solutions (L), and m is the mass of adsorbent used (g).
We have applied three isothermal models to the experimental data 48 . The adsorption isotherm point out how the adsorption molecules distribute between the liquid phase and the solid phase when the adsorption operation reaches an equilibrium state. The analysis of the isotherm data by fitting them to different isotherm models is an important step to find the suitable model that can be used for design objective.
Langmuir sample was applied to the experimental data. The Langmuir isotherm is focus on the estimation that the adsorption process takes place on sites having the same energy and each site can be busied by only one molecule. Besides the interactions between adsorbed ions are neglected. The linear expression for the Langmuir isotherm is: When q e is the amount adsorbed (mg/g), and C e is the equilibrium concentration of the adsorbate (mg/L). K F is the Freundlich adsorption constant according to adsorption capacity of the adsorbent (mg/g) and 1/n is the adsorption intensity. Values of n > 1 represent suitable adsorption condition.
The Temkin model considers the impacts of indirect adsorbate-adsorbente interactions on adsorption, and suggests that the heat of adsorption of all the molecules in the layer would augment linearly with coverage due to these interactions [30] . The linear form of Temkin isotherm is expressed as: 
RESULTS and dISCUSSIONS determination of the optimal pyrolysis temperature
The product of pyrolysed or/and activated apple wastes-Al 13 can be determined as the ratio of the mass of pyrolysed or/and activated apple wastesAl 13 upon the mass of the raw grafted material.
Pyrolysis exper iments at different temperature have been performed in order to determine the temperature at which the yield is the lowest i.e. the failure of mass after pyrolysis is maximal. Table 1 indicates that the increase of temperature makes the yield of pyrolysed apple wastes-Al 13 decreases from 400to 700 °C. This is the result of the partial decomposition of apple wastes. Adapted from a study of Suarez-Garcia et al., four weight loss steps can be identified in the TG/DTG curves of apple pulp 38 , the first step happens at 120 °C, and can be attributed to moisture release. A second step occurs at 233 °C, and is attributable to lowering of hemicellulose and organic and/or aqueous extractives. The third step, at 328 °C, would correspond to thermal degradation of cellulose. The last step overlaps with the two last ones and its property temperatures cannot be vary so clearly. This weight loss step, ascribable to lignin degradation, seems with maximal weight loss rate at 406 °C. The lowest yield is obtained between 700 and 800 °C. The optimal pyrolysis temperature is then fixed at 700 °C. All the samples are pyrolysed at this temperature as follows; Table 1 , also informs the results obtained for Al 13 80 % grafted samples pyrolysed at 700 °C and activated below steam at various activation temperatures and constant hold time (4 h). Results indicated that the yield minimize after activation, because more volatile maters are released after activation. Indeed, as the activation temperature increases from 700 to 800 °C, the yield of activated carbon reduces. This is attributed to the removal of volatile matters resulting from the decomposition of significant compounds of apple waste i.e. cellulose and hemicellulose. whereas, the decomposition of hemicellulose and cellulose and greafting Al 13 polycation improve the pore diffusion and creates porosity in apple wastes that permit a better diffusion of oxygen into the particles. Thus, lignin, the third component of apple wastes, which the decomposition is more difficult, can better react with the oxidizing agent. At 900 °C, the yield increase slightly. Activation of apple wastes at increasing heat does not lead to a decreased yield. Figures 1-4 disclose the form and behavior of the N 2 adsorption-desorption isotherms, of the t-and DR-plots, and the micropore size distribution from BJH sample, for the series of apple wastes-Al 13 activated carbons (40, 60 and 80 % Al 13 content). Table 2 resumes the values of the structural parameters which characterize the porous structure of the samples, derived from the N 2 adsorptiondesorption isotherms at -196 °C. However, the DR-plots (Figure 2 ) implys a type C behavior, with a small upward bending at high pressures, corresponding to low values of (T*ln p 0 /p) 2 which results from adsorption in meso and/or macropores.
N 2 adsorption-desorption isotherms
The t-plots (Figure 3) indicates that from a thickness (computed by Harkins and Jura equation), we can deduce the particular external area (S t-ext ) responsible of multilayer adsorption, which characterised type II isotherm besides to type I isotherm. The values of the external area (S t-ext ) increase gradually with the increase of Al 13 content from 40 to 80 % because the polycation is fixed at the surface and introduced in the porous structure after pyrolysis and activation, so, more specific surface is developed in the materials. The distribution of Pore extent is regarded to be a good indicator of the uniformity of porous materials. Figure 4 show the pore extent distributions of activated carbons from apple wastes-Al 13 obtained at different Al 13 concentrations (40, 60 and 80 wt.%). The great augmentation of all pore extent distribution bending for pore diameters of about 2 (nm) indicated the formation of relatively uniform micropores in majority of the structure of the activated materials as stated by the classification adopted by the International Union of Pure and Applied Chemistry (IUPAC). This augmentation came to be significant in the grafted activated carbons prepared with 60 and 80 % of Al 13 . In fact, the values of (V DR-µ ), (V t-µ ) and (S t-µ ) and (S BET ) presented in Table 2 are higher for AAW-Al 13 60 % and AAW-Al 13 80 %. Nevertheless, only a tiny increase is observed in the values of these parameters at 80 wt.% of Al 13 . For all the samples, the BJH average pore diameters (Apd BJH ) are closer to 2 nm.
From the derived textural data (see Table  2 ) it copmlys that the increase in Al 13 content from 40 to 60 % causes an important development in the surface area and porosity of the prepared samples. Hence; This phenomenon signes that the Al 13 species essentially contributed to the remarcable improvement of the surface areas of the modified apple wastes activated carbons. When the Al 13 species were introduced into the apple wastes under high activation temperature, the compounds of apple wastes hemicellulose, cellulose and lignin are decomposed under the activating action of H 2 O + N 2 , so the native cations were replaced by polyaluminum. Higher Al 13 content favor the occupation of more sites and consequently increased the surface area.
Conserning the three prepared activated carbons,we noticed ordinarily that the values of the micropore area (S t-µ ) are greater than the values of the external area (S t-ext ) because these activated Table 3 .Also The IR spectrum of natural apple wastes agrees with the results of Suarez-Garcia et al. 49 . This later used infrared spectroscopy in order to compare the behaviour of apple pulp, alone and impregnated with 60 wt.% H 3 PO 4 . The assignment of absorption bands indicates that the functional groups carboxyl, ester, aromatic, alcohol, alkene, hydroxyl, ether and carboxyl are ubiquitous in the raw material. That is in conformity with the composition of apple wastes, which are essentially comprised of : hemicelluloses, lignin and, cellulose,.
IR Spectra obtained for pyrolysed apple wastes-Al 13 pointed out that after carbonisation under nitrogen flow, the bands at 3400, 2910, 2840, 1740 and 1035 cm -1 initially present in the raw material disappear. This indicates a decrease of water and aliphatic compound contents. New band appears at 1580 cm -1 . This band is assigned to C=C skeletal stretch in condensed aromatic system 49 . This indicates an increase of aromaticity during pyrolysis, which is probably due to the decomposition or cocking of several unsaturated chemical structures.
After activation, the IR absorption bands exhibit a lower intensity than after pyrolysis. This change in intensity is the result of (i) the activating action of H 2 O + N 2 at high temperature, oxygen and hydrogen groups are decomposed and extracted from the surface and (ii) to the introduction of Al 13 species in the activated apple wastes surface. Figure 7pointed out that: the impact of contact time on batch adsorption of MO on AAW-Al 13 80 %. Adsorption of the studied dye can be dpicted by a two stage kinetic behaviour, the first with a rapid initial dye adsorption between 1 and 45 minutes followed later on by a much slower rate. The second augments in contact time has a negligible effect on the quantities of adsorption. This phenomenon can be explained as follow: during adsorption of dyes, principally the dye molecules arrived to the boundary layer, afterward they had to disperse into the adsorbent surface, and finally, they had to disperse into the porous structure of adsorbent. Therefore, this phenomenon will take a relatively longer contact time. According to these results, the contact time was fixed at 45 minutes.
Capacity of Adsorption of methyl orange studies of equilibrium
Adsorption isotherms
The Adsorption isotherm of MO on AAWAl 13 80 % is indicated in Figure 8 . The obtained isotherm was part of type I, that is given by microporous adsorbents with a relatively tiny external surface. Maximal dye adsorption ability determined at the plateau of the isotherm is 71 mg/g. The highly improved capacity of AAW-Al 13 80 % may be attributed to its large BET surface area, micropore surface area, the high positive charge and micropore volume of Al 13 species that induce certainly higher electrostatic attractions for MO negative charges.
Using Freundlish, and Temkin models) figure 8 ) The equilibrium adsorption data were interpreted ). Values of Langmuir, Freundlich and Temkin parameters are mentioned in Table 4 . 
Conclusion
This work shows that modified apple wastes with Al 13 polycation can be used as precursor to produce activated carbon with a rather well-developed porosity by pyrolysis and physical activation using water vapour. The conditions of 80 % Al 13 The yield of activated carbon is conversely related to pyrolysis and activation temperatures. SEM examination of pyrolysed and activated apple wastes-Al 13 shows that the porosity became more uniform and increases gradually with increasing in Al 13 content. Nitrogen adsorption indicated that the activated carbons received are initially microporous. Thence, FTIR spectroscopy pointed out that many oxygen-containing functional groups are existed in the raw material while aromatic structures are enhanced after pyrolysis and activation. Activated carbon prepared from apple wastes-Al 13 80 % was utilized as an adsorbent for dismissing methyl orange from aqueous solution. The maximum adsorption capacity for MO dye on the prepared activated carbon was arrived after 45 min and was 71 mg/g. Hence ,the positive charge of the grafted polycation promotes the elimination of the anionic dye from water. The equilibrium data fitted well in the Langmuir model of adsorption, implying homogeneous and monolayer adsorption.
